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List of Acronyms  
 
CSS = Combined Sewer System 
CSO = Combined Sewer Overflow 
DCP = Department of City Planning 
DEP = Department of Environmental Protection 
DOH = Department of Health 
DRU = Drainage Residential Unit 
EDC = Economic Development Corporation 
ERU = Equivalent Residential Unit 
FAR = Floor Area Ratio 
GHG = Greenhouse Gas 
ISU = Impervious Surface Unit 
LTCP = Long-term Control Plan 
MGD = Millions of Gallons per Day 
MSA = Metropolitan Service Area 
MS4 = Municipal Separate Storm Sewer System 
NPDES = National Pollutant Discharge Elimination System (permit program) 
SFR = Single-family Residential Parcel 
SPDES = State Pollutant Discharge Elimination System 
SF = Square Feet 
SW = Stormwater 
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Abstract 
Impervious surfaces comprise nearly 70% of New York City’s land mass and contribute to runoff, 
ultimately becoming Combined Sewer Overflow (CSO) that is discharged through hundreds of outfalls to 
local waterways. This thesis has explored the viability of green infrastructure to manage stormwater 
runoff in New York City by using stormwater utility fees to incentivize green roofs. This research posits 
that implementing stormwater utility fees that are based on percentage of impervious cover on a parcel 
could incentivize the presence of green infrastructure, and specifically green roofs.  
This study aggregated and expanded upon a report done by The Urban Design Lab in 2012, which 
provided a baseline for creating a methodology to generate a series of query expressions within available 
PLUTO data. This formed a foundation on which a matrix was created to determine what this research 
calls “structurality” of buildings, through conducting a series of calculations to determine which 
borough(s) had buildings that were most amenable to accommodating green roofs. Using that data as a 
launching point, research conducted by teams led by Dr. Gaffin and Dr. Rosen 
zweig at the Earth Institute provided a foundation for exploring the possible rates of retention for green 
roofs in New York City. Publicly available city and state initiatives, as well as scholarly research and 
scientific reports were also consulted for this research. Lastly, this thesis was guided by literature 
published by the U.S. Environmental Protection Agency that focused on different methodologies for 
implementing stormwater utility fees, and looked at 23 municipalities with such fees. Focusing on Seattle 
as an example, this study presented two possible recommendations for developing a stormwater utility fee 
appropriate for New York City. 
Research Question: 
Can stormwater runoff that causes combined sewer overflow (CSO) in New York City be minimized by 
implementing green roofs if, they are incentivized by stormwater utility fees? 
 
Key Words: 
Combined sewer system, combined sewer overflow, effluent, discharge, green infrastructure, 
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Chapter 1: Introduction  
 
 
Climate change affects the earth holistically. Populations within geographical regions 
are adapting to changes—in some cases, dramatic shifts—in weather patterns that include 
increased precipitation events, and are becoming more amenable to considering green 
infrastructure as a mitigation technique. According to the United States Environmental 
Protection Agency (EPA), since 1970, the average annual temperature has risen by 2°F, the 
average winter temperature has increased by 4°F, and the amount of precipitation—much of 
which has and will continue to manifest as rain—throughout the Northeast is projected to 
increase (EPA, Climate Change Impacts). It has become evident that, in order to prepare for the 
future, New York City must be pro-active, but still maintain an innovative and gradual 
evolution.  
It is highly likely that increased precipitation and population will affect sewer 
infrastructure and local waterway quality in New York City. In the future, it will be important 
to create a means by which those effects can be managed or mitigated. This research is based on 
the idea that green roofs are a viable possibility, and their use is further supported by current 
plans and initiatives for New York City, some of which were influenced by the New York State 
Legislature signing a Green Roof Property Tax Abatement into law in 2008.   
In 2007, Mayor Bloomberg, the newly created Office of Long-Term Planning and 
Sustainability (OLTPS), and over 20 city agencies collaborated to create PlaNYC 2030, an 
amalgam of initiatives for New York City to prepare for its future. Since the city expects to 
absorb nearly 1 million residents over the next two decades, the need to develop a strategic plan 
to manage the intensifying effects of climate change, encourage sustainable economic 
development, and increase the quality of life for current (and future) residents was acute. 
Identifying infrastructure that needs repair, determining the most efficient means to comply 
with federal regulations, and developing policies that accomplish multiple goals was 
imperative.  
The primary goal of PlaNYC is to capture the first inch of rain on 10% of impervious 
surfaces by 2030. Although “the first inch” is not specifically quantified in the body of the plan, 
this research used that phrase as a guide to create a scenario in which query expressions were 
constructed to aggregate possible sites throughout the five boroughs (instead of individual 
identification) that could retain stormwater based on variables such as live roof load capacity 
and build year, among others. Calculations were done to explore the possible retention of those 
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sites, and the amount of possible retained precipitation was determined by using an annual rate 
of retention and a summer rate of retention (10.2 gallons/sf and 4.4 gallons/sf, respectively) 
taken from a 2011 study the Center for Climate Systems Research at Columbia University 
(Gaffin et. al 2011). Although these rates were estimates that emerged from that study, they 
were used in this research because a dearth of definitive analysis currently exists regarding 
retention rates for green roofs. It also helped illustrate the possible efficacy of green roofs as a 
stormwater management tool. 
This research is an exercise in scenario planning. It began by considering what would be 
necessary on the administrative and procedural municipal levels to determine which structures 
could sustain a green roof, and how to bring the idea to fruition. The analyses conducted 
throughout this research explore what variables affect how buildings could accommodate the 
additional weight, how much precipitation could be retained, and therefore stormwater runoff 
avoided.  
Although PlaNYC does not provide a volumetric measurement of its retention goal(s), 
this research revealed that many millions of gallons of precipitation could be prevented from 
becoming runoff if green roofs were implemented. This research found that, if only 20% of 
buildings that could host a green roof actually received one, New York City’s CSO problems 
could be significantly minimized. Furthermore, by amending the current tax structure to 
account for stormwater utility fees, incentives could be offered to building owners to install 
green infrastructure for stormwater management. This could also cultivate an aesthetic of 
mindfulness and sustainability.  
Creating a comprehensive plan punctuated by mandated annual benchmarkingi to 
measure incremental success was both an innovative and tenable approach to help New York 
City prepare for the future. From that also came a model to contend with CSOs. The 
incrementalism found throughout PlaNYC can be applied to managing stormwater by first 
identifying ways to prevent precipitation from collecting nonpoint source (NPS)ii pollutants 
along imperviousiii surfaces and transforming into stormwater runoff, which ultimately enters 
the sewer system. Then, different options can be explored for how best to retain that 
precipitation on impervious surfaces of initial contact. This could facilitate discussion about 
which types of green infrastructure could be the most appropriate for specific land uses. The 
table below illustrates various types of green infrastructure that have been used by New York 
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Figure 1. Different Types of Green Infrastructure 
Type of Green Infrastructure Used for 
Blue roofs and green roofs Rooftop stormwater detention and 
retention 
Porous pavement Parking lots 
Tree pits, streetside bioswales, and porous 
pavement 
Roadways 
Greenstreets, medians, and curbside extensions Roadways 
Constructed wetlands and bioswales Parks and Sidewalks 
Rain barrels and other rainwater catchment  Low-density single-family housing 
Combination of above High-density multi-family housing 
(Source: compiled from NYC Green Infrastructure Plan, Executive Summary, 2010, p. 6) 
 
Early phases of this research pushed the expectation of stormwater management further 
and sought to explore the possible range of economic benefits if a green roof was made an 
economically–productive surface. Initially, it was thought that not only should a building have 
a green roof and retain the precipitation that falls upon it; it should also be productive and 
contribute to the community and micro-economy. One possible consideration was to transform 
green roofs into rooftop urban farms. Before moving forward to analyze feasibility and the 
economic contributions of rooftop urban agriculture, however, it became clear that New York 
City must first naturalize green roofs into its planning tools and stormwater management 
policy. Further analysis on the capacity based on different permutations of vegetation choice, 
size, and system will be necessary.  
The logistics of installing green roofs, including analysis of costs, systems, actors, time-
constraints and other elements related to physically making a roof vegetated is outside of the 
scope of this study. This research posits that a green roof could be an effective stormwater 
management tool for New York City, and instead focuses on possible retention throughout the 
five boroughs, crafting various scenarios within which there are calculations based on the data 
that exist, using them as a launching point into a larger discussion about making green roofs 
more pervasive. This research also looked to stormwater management fees as a complementary 
administrative tool to incentivize implementing green roofs. These two mechanisms could work 
in tandem. 
The research focused on the five boroughs. This study contributes to the growing 
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research assessing the effects of and relationship between green infrastructure and stormwater 
retention, and illustrates one possible scenario for municipalities to establish a dedicated 
revenue source to fix aging sewer infrastructure in order to comply with the EPA regulations 
and the Clean Water Act.   
1.1 Background 
 
The EPA has developed a variety of tools and policy initiatives to control problems 
associated with combined sewer systems.v These are often part of long-term control plans 
(LTCP), which differ between cities and act as guidelines to satisfy federal requirements 
imposed onto them.  
In 1972, the Clean Water Act was amended to introduce the National Pollutant 
Discharge Elimination System (NPDES) permit program, which provides the statutory 
backbone for regulating point-source pollutant discharge in waterways throughout the United 
States (EPA, CWA & NPDES detail, 2012). These permits are enforced at the municipal level. 
This research attempts to help municipalities navigate that process. One positive externality that 
emerges is that cities are improving their sewer infrastructure by incrementally transitioning to 
a municipal separate sewer system (MS4), which is beneficial in the long-term. On the other 
hand, municipal governments have limited financial resources to allocate to these projects and 
have many other issues competing for General Operating Fund dollars, and often must find or 
create a dedicated funding source to meet annual requirements to satisfy the federally 
mandated criteria.  
Due to New York’s combined sewer system, “new construction projects in the Boroughs 
(except Manhattan) are required by the Department of Environmental Protection (DEP) to 
detain stormwater on site with a tank or other means” (NYC DDC, 2205/2007, 5.2). 
Approximately 70% of the sewer system in New York City is a combined system, and there are 
approximately 700 outfalls,vi of which only 494 are permitted to discharge treated effluent into 
local waterways. More often than not in wet weather, CSO is discharged from the outfalls, 
which pollutes local waterways and ecosystems within them, in turn limiting residents’ access 
to and enjoyment of the waterfront.  Figure 2 below illustrates the differences between “Dry” 
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Figure 2. Detail of CSOs in dry and wet weather 
                               Source: http://www.epa.gov/npdes/pubs/cso_reporttocongress_lakemichigan.pdf 
 
In the 1980s, only about 30% of the CSO was captured in New York City; that has since 
increased to 72% in recent years. It’s also more diluted, according to the New York City 
Department of Environmental Protection. In the 1980s, 30% of the sanitary waste was 
discharged, and this has decreased to about 12%. According to advocacy group Riverkeeper, 
approximately 27 billion gallons of CSO is discharged into local waterways annually. Research 
conducted by Rowe (2011), revealed that “in New York City, about half of all rainfall events 
result in a CSO event and collectively they dump 40 billion gallons of untreated wastewater 
into…surface waters every year” (Rowe, 2011, 2104). Although that is a wide range, New York 
has the capacity to decrease it and is making strides toward doing so.  
A municipality’s relationship with its land use patterns and development practices 
should be considered alongside stormwater management and regulation for new development 
or redevelopment for many reasons. Adopting a holistic management perspective can help 
municipalities create efficient regulations for stormwater management. In many ways, a 
complementary relationship exists between people, impervious surfaces, and sewage: each 
increases because of the other, which has adverse effects on sewer infrastructure. On a regular 
day, 1.3 billion gallons of water are extractedvii and transported through a network of 19 
reservoirsviii to provide New York City residents with drinking water. As New York experiences 
increased in-migration over time, the amount of water taken from the reservoirs will also 
increase, which will also generate more wastewater for the network of 6,000 miles of sewers 
beneath the city. If climate change brings more precipitation and storm surges with it, the 
imbalance between wastewater and stormwater within the sewer infrastructure will become 
worse. In times of wet weather, more runoff will occur and compete for sewerage space, which 
will ultimately be diverted to outfalls once the wastewater treatment plants become 
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overwhelmed. This will further degrade the health of waterways. This is the cycle of Combined 
Sewer Overflow (CSO).     
The pervasiveness of impervious cover is an important variable, especially in a city as 
heavily developed as New York City. Rowe (2011) says that, “In the mid-Manhattan west 
section of New York, 94% of the land is covered with impervious space,” (Rowe, 2011, 2102), 
but the Green Infrastructure Plan cites approximately 72% of urban surfaces in NYC are 
impervious (GIP, 2010, 56). Either way, impervious surfaces are a primary contributor to CSO. 
When water cannot recharge, it travels along impervious surfaces toward the sewer system and 
too often is directly dumped into surrounding waterways.  
Although maintenance of sewer infrastructure is costly and often a long(er)-term project, 
it is important to schedule, and requires education and outreach to the community, since in 
many municipalities, funds come from residents and businesses, and if people do not 
understand where fees are coming from, resistance will likely occur. According to the EPA 
Green Infrastructure Case Studies report, “nationwide capital investments for controlling 
stormwater and wastewater pollution over a 20-year period [cost] $202.5 billion, including $54.8 
billion for CSO corrections and $9 billion for stormwater management” (EPA Case Studies, 
2010, 9). New York City must consider how it will accommodate an increased population, and 
how sewer maintenance or expansion will match that, since the more people that live in the city, 
the more pressing the issues of sewage and the state of its infrastructure becomes, and the more 
costly it is to maintain. 
1.1.1 Initiatives 
 
PlaNYC 2030 was crafted to lead New York City into a more sustainable future, and its 
overall goal is to improve recreational use of and access to tributaries from 48% today to 90% by 
2030 through a series of water quality initiatives. Extracting from core sections of PlaNYC, New 
York City launched the Green Infrastructure Plan (GIP) in 2010, which states that, “‘green 
infrastructure’ [refers] to all decentralized source controls” (GIP, 2010, 56).  It is an adaptive 
strategy focused on creating a flexible system that focuses on decentralizing source controls for 
stormwater and wastewater management. It is a 20-year effort and is supplemental to 
“traditional approaches [of stormwater management, to which] $1.5 billion [has been 
dedicated]” (PlaNYC, 2011, 66). Initiatives within the plan support green roofs as an effective 
stormwater management tool, and work toward reducing CSO volumes from 30 billion gallons 
per year (bgy) to 17.9 bgy over the next 20 years (GIP, 2010, 8).  
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Since approximately 30 billion gallons of CSO are still discharged each year, 
“[u]pgrad[ing] wastewater treatment plants to achieve secondary treatment standards”ix is 
another important aspect of PlaNYC (2011, 66). This is specifically addressed in Initiative 2, 
which discusses upgrading the Newtown Creek wastewater treatment plant, the city’s largest 
facility, to enable it to treat 700 million gallons per day of wastewater, increasing its capacity 
nearly 13% from its current 620 million gallons per day. This expands upon the general goal of 
the Sustainable Stormwater Management Plan (SSMP) (2008), which is to “create a network of 
source controls to detain or capture over one billion additional gallons of stormwater annually 
(SSMP, 2008, 10). This is expected to concurrently reduce CSO volume by an additional 3.8 
billion gallons per year (ibid), and the upgrade would cost nearly $5 billion. These changes 
would make the plant the first of the city’s wastewater treatment plants to meet secondary 
treatment standards since they were established in 1972 with the Clean Water Act and the 
National Pollutant Discharge Elimination System (NPDES) permits.  
 The Department of Environmental Protection “treats an average of 1.3 billion gallons of 
wastewater a day over the course of a year…. This…is conveyed by 7,400 miles of lateral 
sewers, 149 miles of interceptor sewers, and 113 pump stations, and is treated at 14 wastewater 
treatment plants” (GIP, 2010, 23).   
The third of the Plan’s five goals was to control runoff from 10% of impervious surfaces 
through green infrastructure in combined sewer watersheds over the next 20 years. It will 
achieve this incrementally: 
 
a. 1.5% impervious area capture by 2015 
b. An additional 2.5% (4% total) by 2020 
c. Additional 3% (7% total) by 2025 
d. A final 3% (10% total) by 2030 
 
It is anticipated that these goals could lead to a reduction of 1.5 billion gallons per year of 
stormwater runoff in the CSS and would cost approximately $5.3 billion. 
The third initiative of the Green Infrastructure Plan focuses on the cost-effective grey 
infrastructure to reduce CSOs and improve water quality, which comprise a 20-year project. The 
total cost would be approximately $2.9 billion to construct grey infrastructure, according to the 
plan, which include rehabilitating detention facilities at different locations to increase capacity 
to enable greater attainment of dissolved oxygen and existing pathogen standards (PlaNYC, 
2011, 67).   
The fourth initiative focuses on expansion of the sewer network, specifically the 
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extension of sanitary and storm sewers to neighborhoods throughout the five boroughs that 
need to support additional capacity. The city will invest in High Level Storm Sewers (HLSS) to 
keep water out of the CSS by attempting to capture 50% of rainfall and diverting it to 
waterways through permitted outlets. These seem counter-intuitive to the idea of avoiding 
discharging into surrounding waterways, and instead seems appropriate for implementing 
green infrastructure. Instead of diverting to waterways, why not retain the precipitation on a 
green roof before it becomes runoff? According to the seventh initiative, the city’s commitment 
of $187 million for Fiscal Years 2010-2015 is the launching point to begin deploying the Green 
Infrastructure Plan. It is further prepared to spend $1.5 billion on green infrastructure over the 
next 20 years. Figure 3 below was extracted from the Green Infrastructure Plan, and illustrates 
the benefits of using Green infrastructure, since benefits increase over time as compared with 
Grey infrastructure, which are mostly “traditional piped drainage and water treatment 
systems” (Andoh, 2011, 1). 
Figure 3. Comparing benefits of Green and Grey infrastructure 
 
Source: GIP, 2010, 9 
 
These goals all rest on the costly reality that, “for every inch of rain that falls on every 
acre of rooftops and other impervious surfaces, the city has to manage more than 27,000 gallons 
of water” (SSMP, 2008, p 9). If New York City receives approximately 50 inches of rain annually, 
that is significant. Depending on frequency, the rate at which the rain is falling, and other 
factors, that could be many millions of gallons of precipitation per year that become stormwater 
runoff that makes a home in local waterways. This should be alarming to officials and policy 
makers, and highlight the need for taking action to rectify the CSO problem. “On CSOs alone, 
the city has spent $1.5 billion on sewer, regulator, and pumping station improvements [and 
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upgrades]” (GIP, 2010, 27). This is one positive step of many that the city needs to take toward 
fixing its sewer problems. The benefits that emerge from these initiatives, according to the GIP, 
are that “after a 20-year period…New Yorkers would receive between $139 million and $418 
million in additional benefits through reduced energy bills, increased property values, and 
improved health” (ibid, 10). Sometimes it is difficult for the community to understand the value 
of such benefits when they are neither tactile nor immediate, but it is important for education 
and outreach to clarify these issues for the public.  
The Green Infrastructure Plan also has multiple proposals that focus on both existing 
and new development. For existing development, the goals are to “install source controls on 
existing rooftops as a primary implementation strategy, since rooftops comprise approximately 
28% of NYC’s total impervious surface area” (ibid, 63). For new development, the Plan strives to 
implement “significantly stricter runoff release rates…[to] slow the flow of storm water into the 
sewer system” (ibid). Incorporating green roofs (or any green infrastructure) early in the design 
process for new development makes it more likely that it will be brought to fruition. 
Retrofitting a building with a green roof is much more complex, but still feasible within reason.   
1.1.2 Green Roofs 
 
New York City is no stranger to green roofs. In 1936 the Rockefeller family installed the 
Rockefeller Center Roof Gardens, a custom intensive green roof that is 76,400 sf at a 1% slope. 
(Rockefeller Center rooftop gardens). The difference between Extensive and Intensive green 
roofs will be clarified in the following section. For images, see Appendix E.  
According to PlaNYC, roofs constitute approximately 20% of New York City’s total 
surface area, which nearly “equates to an entire extra borough” (PlaNYC, 2011, 30). The Urban 
Design Lab spatialized these estimates and says that New York City has about 1 million 
buildings, which comprise a total of 38,256 acres of rooftop area (CU, 2012, 44). If 1 acre is equal 
to 43,560 sf, this means that New York City has about 1,666,431,360 sf of rooftop space. 
Green roofs are land-based controls that manifest in stormwater management 
regulations (EPA, 2010). Cities have a variety of land uses that in turn have variegated 
relationships with stormwater generation. Observing the multiplicity of land uses with a city is 
important because they reveal a municipality’s development pattern, and can inform the 
direction of future development. Municipalities must ensure that local land use policies support 
higher densities, compact development, and a mix of uses, which are methods to better protect 
water quality—especially at the watershed level (EPA, 2010). This means, “consuming less land 
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means creating less impervious cover in the watershed” (ibid, 14). 
Instead of viewing green infrastructure as an additional budgetary line item, it’s 
worthwhile to re-conceptualize green infrastructure as a means by which future infrastructure 
costs could be reduced. Green infrastructure can be a way for cities and municipalities to 
manage their current infrastructure assets and plan for the future, instead of reacting brashly 
when faced with obsolescent infrastructure, which could be costly in the long-term. In this way, 
the benefits from green infrastructure can be dynamic and pervasive. A city’s residents can 
enjoy the aesthetic benefits, such as resulting parks, increased air and/or water quality.  
One step toward incentivizing the installation of green roofs was the New York City 
Green Roof Property Tax Abatement program. It was a pilot program that resulted from the 
passage of New York State Assembly Bill A11266x (sponsored by then-Assemblyman Ruben 
Diazxi of the 85th Assembly District) and Senate bill S7553 (sponsored by Senator Andrew Lanza) 
in May 2008. The bill was the foundation for a five-year program that proposed a one-year 
property tax abatement to offset some of the installation costs (approximately 35%) of a green 
roof on a standard roof (NYS Assembly). Qualifications required construction to begin after 
August 5, 2008, the day that it received approval by the Governor and became law under 
Chapter 461.xii  It provided a one-year tax abatement of $4.50/sf up to $100,000, or the tax 
liability of the building whichever was less. The pilot program expired on March 15, 2013, and 
its results have yet to be analyzed and shared.  
Many green roofs that currently exist in New York City are still in the pilot stage, and 
have yet to be fully analyzed for their retention capacity and rate(s) of retention. Figure 4 below 
illustrates green roof projects in New York City as of 2007, according to the Department of 
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Figure 4. Table of green roof projects and type in New York City through 2007 
 
Source: NYC DDC, 2005/2007, 5.5 
 
Also, in many cases, the vegetation is still on its way to full maturation. An explanation of 
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Chapter 2—Literature Review 
 
 
Green roofs are manufactured ecosystems, and serve a specific purpose for 
municipalities. Many different permutations of species can be planted, and studies have shown 
that, to varying degrees, green roofs can effectively manage stormwater runoff by emulating 
natural processes. “Water is released through evapo-transpiration, slow percolation through 
soil and recycled back into soil through capillary action” (NYC DDC, 2005/2007, 5.2). Figure 5 
below illustrates a cross-section of a typical green roof.  
 
Figure 5. Cross-section of green roof 
 
Source: NYC DEP, Guidelines for the Design and Construction of Stormwater Management Systems, slide 13 
 
Each installation is different, since each contractor or company has its own method and 
trade secrets, but the core parts are: lightweight substrate for growing vegetation that provides 
proper drainage and aeration, a filtering fabric that caps a reservoir section to collect excess 
water (precipitation), a barrier to ensure the roots don’t break through to the original roof, and 
some sort of waterproof membrane to protect the roof (Cutlip, 2006, 1). 
The dual benefit of green roofs is that they last longer than those without vegetation 
“because the bituminous roofing membranes are protected by the growing substrate and plant 
canopy from ultraviolet radiation and the extreme fluctuations in membrane temperature 
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between night and day” (Rowe, 2011, 2104). Green roofs also protect roofs by reducing “the 
expansion and contraction due to thermal cycling” that result from UV rays (NYC DDC, 
2005/2007, 5.4). According to research done by a team led by Dr. Stuart Gaffin and Dr. Cynthia 
Rosenzweig, “One of the most important environmental benefits of green roofs is their potential 
for reducing storm water runoff….[due] primarily to the presence of a growth medium that 
mimics real soil” (Gaffin et al, 2011, 3). Their research continues to endorse green roofs as a 
stormwater management tool, illustrating the dynamic benefits. “Green roofs will outlast other 
roof systems, perhaps by a factor of 2 or 3 or more” (Gaffin et al, 2012, 9). Further, “the 
substitution of vegetated roofs for conventional roofs has the potential to reduce roof runoff by 
100% in some cases” (Wolf & Lundholm, 2008, 181), with regional reductions of up to 2.7% 
predicted in a scenario of 10% green roof coverage” (ibid). “The total annual runoff from a 
vegetated roof…is usually less than runoff volume from a hard surface” (ibid), since green roofs 
work by “transforming…absorbed sunlight into water vapor through evapotranspiration, 
[which is also] called ‘latent heat loss’” (Gaffin et al, 2010, 10). 
The processes by which green roofs improve air quality and manage stormwater are 
such that  
plants take up gaseous pollutants through their stomates, intercept  
particulate matter with their leaves, and are capable of breaking down  
certain organic compounds such as poly-aromatic hydrocarbons in their  
plant tissues or in the soil…[And] they indirectly reduce air pollutants by  
lowering the surface temperatures through transpirational cooling and by  
providing shade, which in turn decreases photochemical reactions that form  
pollutants such as ozone in the atmosphere. (Rowe, 2011, 2102) 
 
Green roofs also sequester “carbon…in plant tissues through photosynthesis and into the soil 
substrate via plant litter and root exudates” (Rowe, 2011, 2103). Another positive externality 
from vegetated roofs is their removal of pollutants such as heavy metals and other elements that 
are harmful to marine ecosystems (Berndtsson et al., 2009, 370). Reduction in runoff generally 
ranges from 50% to 100% depending on the “type of green roof system, substrate composition 
and depth, roof slope, plant species, pre-existing substrate moisture, and the intensity and 
duration of the rainfall” (Rowe, 2011, 2104). 
The composition of the growing medium is one of the most important elements when 
considering how to design and install a vegetated roof. Density, materiality, and thickness are 
the key factors. The best way to reduce stormwater runoff is to look to “the presence of a 
growth medium that mimics real soil…and…provides a porous volume capable of holding soil 
moisture” (Gaffin et al., 2011, 4). Another factor that helps increase a green roof’s productivity is 
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“altering the growing substrate by increasing the percentage of organic matter, increasing 
density, and increasing depth all increase the retention of nitrogen” (Rowe, 2011, 2102). 
There are two types of green roofs: Extensive and Intensive. Extensive roofs include 
drought-resistant plants and require the least amount of watering, especially in the first year of 
operation (NYC DDC, 2005/2007). They are the most common and often include a drip 
irrigation system and minimal maintenance (Rowe, 2011). Figure 6 below illustrates a cross-
section of an Extensive green roof, courtesy of Matthews Nielsen Landscape Architects PC, via 
the Department of Design & Construction Manual. 
Figure 6: Cross-section of Extensive green roof 
 
Source: NYC DDC, 2005/2007, 5.6 
 
Extensive roofs are “generally built with substrate depths less than 15 cm” (Rowe, 2011, 2100), 
have shallow substrate (< 20 cm deep) and relatively lightweight components, and incur low 
costs” (Wolf & Lundholm 2008). This is because “shallow substrates result in periodic drought 
and rapid fluctuations in soil moisture, thus drought tolerance or avoidance has been the key 
criterion for plant species selection for use on green roofs” (Wolf & Lundholm 2008). This led to 
a preference for Sedumxiii because they’re “shallow-rooting, store water in their above-ground 
parts, and exhibit CAM photosynthesis” (Wolf & Lundholm, 2008, 182). Extensive roofs can be 
“installed on roofs with slopes up to 40% (NYC DDC, 2005/2007). 
Intensive roofs often have semi-intensive-drip irrigation systems. Plants are not drought 
resistant, and are “frequently designed as public places and include trees, shrubs, and 
hardscapes similar to landscaping found at the ground level” (Rowe, 2011, 2100). Figure 7 
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below illustrates a cross-section of an Intensive green roof.  
 
Figure 7. Cross-section of an Intensive green roof 
 
Source: NYC DDC, 2005/2007, 5.7 
 
This roof type “Generally [requires] substrate depths greater than 15 cm and generally require 
‘intense’ maintenance….Also tend to be more expensive…because of the need for a structurally-
sound building to support the weight” (Rowe, 2011, 2100). A more durable root barrier must be 
used because the vegetation is often larger and will grow to fill the space provided. Intensive 
roofs “are appropriate for flat roofs with a slope up to approximately 3%” (NYC DDC, 
2005/2007, 5.7). This is further bolstered by the green roof at Rockefeller Center that is nearly 78 
years old.  
“An extensive green roof can be installed with little or no structural reinforcement of the 
building, but an intensive roof requires more structural consideration” (ibid, 5.9). In New York 
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City, a roof’s capacity to hold additional weight, whether it is a modular system green roof or 
an open installation, requires many considerations, one of which is the year the edifice was 
constructed. This was an important variable in this research because amendments were made to 
Building Codes in every city at different times in history, and sometimes these changes affected 
the live roof load,xiv or a roof’s weight capacity in pounds per square foot. Revisions were made 
to the New York City Building Code in 1968 that are worthy of note. Between 1916 and 1938, the 
building code was such that: 
roofs having a rise of three inches or less per foot of horizontal projection  
shall be proportioned for a vertical live load of forty pounds per square foot  
or horizontal projection applied to any or all slopes. 
(1938 Building Code, p. 95, emphasis added) 
 
According to the 1968 Building Code revisions, “[m]inimum design live loads for roofs with 
slopes up to and including twenty degrees from the horizontal shall be thirty pounds per square foot or 
horizontal projection” (1968 Building Code, 287, my emphasis). Because of the issues of weight 
and live roof load in NYC, “true soil is not ideal” (Gaffin et al., 2011, 5) because it becomes 
heavier the more saturation it accumulates. There are growth media that have been engineered 
to be lightweight for roofs because green roofs are becoming much more prevalent both 
nationally and internationally. Although there is no definitive research that verifies a difference 
of 10 lbs/sf is significant to a building’s structurality, it was worth considering in this scenario.  
According to one study, “[t]he greatest quantity of pollutants was removed [in]…May… 
[since] during a normal year the greatest amount of growing would be expected to occur [in 
the] Spring. …the lowest rate of removal occurred during February, when plants were 
dormant,” (Rowe, 2011, 2102). It is logical that plants would be most productive in the spring, 
just as they emerge from dormancy. Roof age also influences the efficacy of the vegetation. One 
“study…compared water retention and substrate properties on 2- and 4-year-old green roof 
systems found that the older roofs retained up to 35% more water” (Wolf & Lundholm, 2008, 
185). This is verified by Rowe, who said, “it was suggested that pollutants would decline over 
time as the green roof aged” (Rowe, 2011, 2104). This is because with maturity, plants are able to 
process more pollutants. Further, “pioneer studies on green roofs in Berlin, Germany [revealed 
that] retention of PO4 [phosphates] increased from 26% in year one to 80% in year four” (Rowe, 
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2.1 Stormwater Utility Fees 
Stormwater utility fees are one way for municipalities or regions to manage the effects of 
stormwater on aging infrastructure. They also provide a revenue source for maintaining 
complex sewer systems. According to the EPA, there are different rate structures on which such 
fees can be based. Over 800, or 4% of municipalities in the U.S. have adopted a stormwater 
utility fee to help fund the cost of stormwater programs. They are often administered by a 
municipal services agency (other city-related entity or non-profit organization) so that the 
municipal government has a hand in both the evolution and oversight of such projects. 
Amendments related to the fees usually require City Council approval.  
Although the general public sometimes perceives stormwater utility fees as a tax, they’re 
more like a user fee based on the amount of impervious cover on a property. Education and 
outreach are important to dispel any incorrect information that is part of a municipality’s 
administrative code. In cities that do not have stormwater utilities, service fees are built into the 
water and sewer fees, as is the case in New York City.  
In some cases, stormwater management fees have been a part of a municipality’s fee 
structure for decades, but more often than not, it is a new mechanism to which communities are 
still acclimating and gaining understanding. Historically, these fees would (and have) been 
based on a property’s assessed value, but scholars and city officials concur that is an inaccurate 
gauge, because it does not reflect any volumetric capacity for stormwater generated on a 
property, which is best done by calculating the percentage of impervious cover on a parcel in 
relation to its size (EPA, 2009, 2).  Although grants and low-interest loans are always an option 
for a municipality to fund infrastructure improvements, stormwater utility fees facilitate public 
engagement regarding resource use and help connect elements of the built environment that 
people may overlook with their consumption habits and other behaviors.  
According to the EPA, there are three basic methods which stormwater utility fees are 
collected, based upon different units of measure: Equivalent Residential Unit (ERU), Intensity of 
Development (ID), and Equivalent Hydraulic Area (EHA). The different options will be further 
explored in the following sub-section.  
The ERU is used by over 80% of the cities and municipalities that have stormwater 
utility fees, and is based on “an amount proportional to the impervious area of a parcel 
regardless of the parcel’s total area” (EPA, 2009, 2). This structure creates a nexus between the 
amount of impervious area on a parcel, and the impact that the stormwater generated has on 
the city’s sewerage. The rate structure that exists within ERUs is often tiered, based on a 
“typical” single-family residential home’s impervious area footprint. The typical size ranges 
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between cities. Other structures are based on a per-acre or per-1,000 sf of impervious surface, 
and often differ between land uses, charging Commercial, Retail, and Manufacturing/Industrial 
properties more, since they often have more impervious surfaces and therefore contribute to 
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Chapter 3: Research Design  
 
The data in this research are a mixture of qualitative and quantitative analyses. 
Interviews were conducted with Howard Slatkin, Director of Sustainability for New York City 
Department of City Planning and Erin Morey, Deputy Director for New York City 
Environmental Protection Bureau of Environmental Planning & Analysis. A full version of the 
questionnaire can be found in Appendix D.  
This research initially referred to data generated by the Columbia University │ The 
Earth Institute Urban Design Lab (UDL) 2012 report The Potential for Urban Agriculture in New 
York City: Growing Capacity, Food Security, and Green Infrastructure. That report provided a 
baseline for creating a methodology to generate a series of query expressions within available 
PLUTOxv data sets in order to narrow the scope of available records. The UDL data was both 
aggregated and expanded upon to widen the parameters of the search, with the intention of 
further narrowing the results. The full query expressions can be found in Appendix C. 
“Building Type” created a distinction between public and private ownership, figures in 
the “Available” column are the corresponding number of buildings throughout New York City, 
and “Building Footprint” accounted for those whose footprints were between 10,000 ft2 and 
25,000 ft2, and those over 25,000 ft2. These findings are located in Figure 8 in Chapter 4. Rates of 
retention and other data were also extracted from two reports: A Temperature and Seasonal 
Energy Analysis of Green, White, and Black Roofs (2010) and Stormwater Retention for a Modular 
Green Roof Using Energy Balance Data (2011) authored by teams led by Dr. Gaffin and Dr. 
Rosenzweig in relation to functionality and the capacity of green roofs.  
PLUTO data was the foundation from which a matrix was created to determine what 
this research calls “structurality” xvi of buildings. These data were used to conduct geospatial 
analysis to determine how many buildings throughout five boroughs could support the 
additional weight of a green roof, with specific search parameters, and how that would impact 
stormwater management in New York City. Each query expression was built upon the resulting 
layers from the query preceding it, thereby gradually narrowing a large data pool to a much 
smaller, more precise one.   
A variety of panel discussions and public events that explored the topics of food 
systems, policy, and urban agriculture in New York City were attended between September 
2012 and March 2013, including “Buildings & Agriculture: Soil, Hydroponics, and 
Aeroponics,”xvii “Almanac 2013: Forecasting the Year Ahead in Food and Farm Policy,”xviii and 
“Bringing Food Policy to the Table: New Food Strategies for a Healthier Society,”xix all of which 
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provided a basic understanding for the relationship between stormwater management and 
green infrastructure. Publicly available city and state initiatives, as well as scholarly research 
and scientific reports were also consulted for this research.  
Retention rates were drawn from Dr. Gaffin and Dr. Rosenzweig’s research to calculate 
how much stormwater could be retained on available roof space throughout New York City, 
which can be found in Figures 15 and 17. This research postulated how many millions of 
gallons of stormwater could be retained in increments of 20%. Those calculations then were 
compared to the total annual rainfall for each borough to illustrate possible retention rates.   
Guided by literature published by the U.S. Environmental Protection Agency that 
focused on different methodologies for implementing stormwater utility fees, this research 
looked at 23 municipalities that have such fees. Each municipality’s official website was 
surveyed for information to determine how each structure its rates and billing system. This was 
an attempt to find consistencies or validate deviations from preferred systems of measure.  
Ultimately, this research focused on Seattle’s system for stormwater management. Drawing 
from that research, this study offered one possible system to develop a stormwater utility fee 
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Chapter 4: Analysis of Calculations 
4.1 Findings 
 
Working from an estimate that New York City has approximately 1 billion square feet of 
roof surface area (UDL 2012), this research parsed available data to create a matrix to determine 
what number of roofs could be greened. Research conducted by teams led by Dr. Gaffin and Dr. 
Rosenzweig suggest between“10-15 billion gallons of annual rainfall would be retained if all 
area were covered with a 4-inch sedum-based green roof layer” (Gaffin et al., 2011, 3). That 
research also revealed that, “in terms of gallons of water retained per square foot of roof, [it is 
estimated] that the green roof [in their study] was retaining ~10.2 gallons/sf annually, and ~4.4 
gallons/ sf during the summer season” (ibid). Thus, a green roof retains approximately 30% of 
the annual volume of precipitation on it, and approximately 35% during the summer (ibid).  
The table below aggregated aforementioned UDL findings and ventured one step 
further by calculating how many buildings would result if 10%, 20%, and 30% of those 
“Available” were given a green roof, in order to construct a range of total number of buildings 
throughout the five boroughs.  
 
Figure 8: Calculations extrapolated from UDL findings 
 
Greening 10% of buildings would total nearly 700 building units, and if 30% of the 
buildings were greened, that would total nearly 2,100 buildings, which could possibly achieve 
the PlaNYC goal to capture the first inch of rain on 10% of impervious areas by 2030. It is 
difficult to make a definitive statement about that, since “10% of the impervious cover” in New 
York City has not specifically been quantified.  
New York City has nearly 1 million buildings with 38, 256 acres of rooftop space. That 
means there is approximately 1.6 billion square feet (sf) of rooftop space, if 1 acre = 43, 560 sf.xx 
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PlaNYC’s goal is to capture the first inch of rain on 10% of the impervious cover by 2030, but 
this research neither found one specific figure for that goal, nor one for all impervious surfaces 
in New York City. Since this study is an exercise in scenario planning, finding a way to modify 
the parameters of the plan’s goals was beneficial as an exercise to illustrate possibilities for 
green roofs.  
Instead of “10% of the impervious cover in the city,” the plan’s goal could shift slightly 
and in one section, “impervious cover” could be replaced with “available rooftop space.” This 
would make the goal to be to capture the first inch of rain on “10% of the available rooftop 
space in the city.” As an exercise to see what 10% of impervious rooftop space could look like, 
see the following:  
If there is 1,666,431,360 sf of available rooftop space (according to the Urban Design 
Lab), 10% of that is 166,643,136 sf 
This means that if nearly 167 million sf of rooftop throughout the five boroughs was greened, 
New York City could greatly lessen its CSO problems, since stormwater would be kept out of 
the CSS and sanitary waste would again have precedence. Although this can’t be verified 
completely because its goals have not be quantified in a specific number of gallons it would like 
to retain, the plan anticipates that 1.5 billion gallons could be retained by 2030. 
Using the UDL data and search terms as a guide, this research initially focused on 
screening buildings for the year of construction and built upon other variables. xxi This is 
because of the change in live roof load capacity that was made to the 1968 Building Code, which 
decreased the capacity from 40 lbs/sf to 30 lbs/sf. These revisions constitute a change to the 
weight that roofs can withstand in buildings constructed after 1968, which could preclude many 
from hosting a green roof.  This research does not do a fully comparative analysis between the 
two capacities, and only observes that there is a difference. Further research could see if there 
actually is a difference in a building’s ability to support a green roof.  
The report also noted that buildings should not exceed ten stories because beyond that 
height conditions become complicated logistically. Many buildings that could have a green roof 
do not have elevators, it becomes more expensive to get soil onto the roof, and the costs of 
construction become higher (CU UDL, 2012, 44). Also, zoning should be within Manufacturing 
and Commercial districts because Industrial buildings are more often structurally-sound and 
those areas allow for commercial activity. Further, the report posited that “approximately 68% 
of all buildings with a footprint greater than 10,000 sf  in commercial and manufacturing 
districts are under the max FAR limit” (ibid, 46), meaning that the Built Floor Area Ratio (FAR) 
does not exceed the maximum Floor Area Ratio allowed by the parcel’s zoning designation. 
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This implies that there is unused space that could be funneled into additional development. 
These elements were all taken into consideration when query expressions were constructed for 
this research.  
Drawing from those variables, four separate queries were conducted to narrow the 
PLUTO data. Each new query expression built upon the results of the data preceding it, 
meaning Query 1 provided the baseline of searching for buildings constructed prior to 1968 that 
had fewer than 11 floors; Query 2 searched within that resulting data for specific variables, and 
so on. Figure 9 below illustrates the process of querying the data, includes a description for each 
expression, and the result for each query.  
 
Figure 9: Query descriptions conducted per borough 
 
The final query was an attempt to determine a best-guess estimate of New York City 
Department of Buildings’ building classificationsxxii that could potentially preclude green roofs, 
either because there was either no structure or there was the potential for noxious uses.  The 
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Figure 10: Query Results per borough 
 
The results from Query 4 were also used to determine the range of smallest to largest building 
in square feet, as well as the mean building size of each borough.  Figure 11 below illustrates the 
results:  
 
Figure 11: Range of and average building size per borough 
 
Technique I: Determining roof area 
 
To approximate the roof square footage for buildings that could support a green roof, 
two techniques were attempted. In the first, results from Query 4 focused on “Building Area” 
and “Number of Floors”, dividing the former by the latter in order to arrive at an approximate 
measurement for roof area.xxiii Figure 12 below lists those results.  
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Figure 12: Approximate floor area (sf) using Building Area and number of floors 
 
After considering the possibility for inaccuracy within that calculation,xxiv an alternate attempt 
was made to determine the approximate roof area.  
 
Technique II: Approximate roof area using building footprint 
 
In the second technique,xxv attention was drawn to the Building Footprint data provided 
by PLUTO. This information was compiled into Figure 13 below. 
 
Figure 13: Building footprint to determine roof area (sf) per borough 
 
The table above is an illustration of the range in size of buildings throughout the five boroughs 
whose roofs could possibly sustain a vegetated layer. There is a clear difference between the 
two techniques.  
 It can be seen that Technique II is more a more accurate way to determine building 
structurality, since the building footprint files are likely more inclusive than the variables in 
Technique I. Technique II found 22, 296 buildings could support a green roof, whereas 
Technique I found 35,730. The more narrow the terms, the more accurate the results are likely to 
be.  
Figure 14 graphically represents the figures in Figure 13 to show the differences that exist 
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between boroughs.  
 
Figure 14: Relationship of mean to number of buildings that could have a green roof 
 
Extracting from research conducted by Dr. Gaffin and Dr. Rosenzweig, it was estimated that, 
according to their green roof test site, approximately 10.2 gallons/sf of stormwater runoff were 
retained annually, and 4.4 gallons/sf were retained during the summer season (Gaffin et al., 
2011). These figures were used as possible retention rates to determine retention for green roofs 
within this data set. The results are in the following figures, one for the annual rate, and one for 
the summer rate. In order to calculate how many millions of gallons could be retained, it was 
determined that retention is a function of total roof area, retention rate, and percentage of roofs 
on the total buildings in 20% increments up to 100%. The equation below was applied to each 
level of retention for each borough: 
 
Stormwater retention = Roof area X Annual Retention Rate X % of Total Buildings 
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Figure 16: Possible Annual Stormwater Retention by borough 
 
 
Based on the rate determined in their study, if 100% of the buildings in all five boroughs 
received a green roof well over PlaNYC’s retention goal could likely be achieved if decreasing 
CSO volume to 17.9 billion gallons per year is the goal (GIP, 2010, 8). Based on the preceding 
calculations, CSO volume could be reduced and the area waterways could be spared mass 
















Bronx	   Brooklyn	   Manha8an	   Queens	   Staten	  Island	  
Annual	  Stormwater	  Reten/on	  (gallons)	  
100%	   80%	   60%	   40%	   20%	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Although the summer retention rate was lower, it still revealed that green roofs are a 
worthwhile means by which to manage stormwater. Without considering the costs of installing 
green roofs—because it is out of the scope of this research—and instead allowing the spirit of 
scenario planning to unfold, this research entertains the possible impacts green roofs could have 
on sewer infrastructure and is inclined to suggest that cities give them a chance. Since they 
serve at least a dual role (stormwater management tool and cultivator of municipal greening 
aesthetic), municipalities have the capability, in partnership with other local and state 
representatives, to create a platform on which green roofs and green infrastructure in general 
should be explored. Legislative action and city implementation can offset the costs of 
installation and incentivize property owners to consider adding vegetation to roofs, since they 
have been known to protect the original roof (sometimes doubling the lifespan), and provide 
much-needed community and educational demonstrative spaces. 
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Figure 18: Possible Summer Stormwater Retention by borough 
 
Some factors have limited this research and are worthy of note. It was not possible to 
conduct a general zoning selection in Query 2, which was constructed from the “All Zoning” 
field nested within PLUTO data. A specific cocktail of zoning designations were chosen to filter 
the query (for the complete list of expressions, see Appendix C). It was not possible to discern 
between public and private building ownership because the PLUTO data did not provide that 
information.  
Extracting from data gathered by the NOAA from monitoring stations set up near 
Central Park, the highest average annual rainfall recorded in New York City is 49.69xxvi inches. 
The last section of this research conducted calculations to compare the amount of rainfall that 
fell on each borough to the gallons each borough could retain if every structure that could sustain 
a vegetated roof actually received one. Further, the square mileage of each borough was 
determined to approximate how many gallons of rain happened upon each. Then drawing from 
Figure 15, the total gallons that could be retained were divided by the total gallons that actually 
fell on each borough annually.  
This last portion of the study focused on interpreting how many gallons comprise one 











Bronx	   Brooklyn	   Manha8an	   Queens	   Staten	  Island	  
Summer	  Stormwater	  Reten/on	  
(gallons)	  
100%	  RetenDon	   80%	  RetenDon	   60%	  RetenDon	  
40%	  RetenDon	   20%	  RetenDon	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City is 304.1 sq mi. Further research revealed that 
 




1 square mile = 3,097,660 square yards. 
 
Then, the total number of gallons of precipitation in one square mile was calculated:  
 
(5.61 gal/sq yd) X (3,097,660 sq yds) = 17,377,872.6 gal/sq mi. 
 
This figure was multiplied by the total annual amount of precipitation (49.69 inches) according 
to NOAA. This yielded a figure that represents the total number of gallons of rainfall in one 
square mile. Then the result was multiplied by the total number of square miles of each 
borough. Figure 19 below illustrates an approximation of the total gallons of annual 
precipitation for each borough. The total gallons have been converted to billions of gallons (bg) 
for ease of interpretation. 
 
Figure 19: Total annual precipitation per borough 
  
According to these calculations, of the 304 miles of New York City’s landmass, 262.6 
billion gallons of precipitation fell. As is revealed in the table above, Manhattan and the Bronx 
received the least amount of precipitation (nearly 20 billion gallons and 37 billion gallons, 
respectively), whereas Queens and Brooklyn received the most, with nearly 95 billion and 62 
billion gallons, respectively. (Recall that these figures work from those generated in Figure 15, 
so the surfaces specifically focused on here are those that are impervious and could possibly 
accommodate a vegetated roof.)  
 The next step was to determine the ratio of gallons of rainfall to those retained by green 
roofs per borough. Referring to Figure 15, in order to determine how much rainfall each 
borough could retain if all structures that could accommodate a green roof had one (working 
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incrementally if 20%, 40%, 60%, 80%, and 100% of those surfaces were greened), the total 
gallons of precipitation retained were divided by the total annual gallons of rainfall for each 
borough. The results are illustrated in Figure 20 below.  
Figure 20: Total annual retention rate of precipitation per borough 
 
 The table above illustrates the ratio of gallons of annual precipitation retained because of 
green roofs to the total gallons of annual precipitation that fell on New York City, calculated 
separately for each borough. It is important to recall that the construction of the query 
expressions explored earlier in this research is the foundation on which all subsequent 
calculations were built. In order to make these figures more manageable, the sum of each 
column was multiplied by 1,000 to make the annual retention rates whole numbers. Figure 19 
revealed that Queens and Brooklyn received the most precipitation because those boroughs 
have more landmass than the others. Staten Island trailed in third place, and Manhattan 
received the least because it has less than 23 square miles of landmass, although it is comprised 
primarily of impervious surfaces and large structures.  
Figure20 illustrates the annual retention rates of each borough if each structure that 
could host a green roof received one. At 20%, the annual rate of retention could be 2.48%, which 
is low, but significant nonetheless, because it illustrates what a small step for New York City 
would look like if more green roofs were installed. An annual retention rate of nearly 2.5% 
could prevent untreated effluent from entering the surrounding waterways, which would be 
beneficial to New Yorkers as well as the ecosystems that call those spaces home.  
Greening 100% of surfaces that could sustain a vegetated roof would be greatly helped, 
again, by Queens and Brooklyn, which would each have an annual rate of retention of 
approximately 3.92% and 4.45%, respectively. Working together, all five boroughs could 
potentially have an annual retention rate of 19.33%, which could further be beneficial to the 
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health and state of New York’s coastline. 
Again, as an exercise in scenario planning, these figures postulate what could be retained 
if each building throughout the five boroughs that could accommodate a green roof actually 
received one. Because PlaNYC 2030 does not explicitly quantify its goals for retaining the “first 
inch of rain on 10% of impervious surfaces,” this research puts one of many faces on a vast 




According to Howard Slatkin,xxviii there is no way to allocate a dollar value to 
stormwater runoff,  
 
because every runoff is different….A certain volume of  
combined sewer runoff—of however much is sanitary, and however much is 
stormwater—even if you figured out the exact amount  
and type of runoff, would have very different implications if [it  
was] put in the Hudson River, or the Gowanus Canal. The CSO  
issue is really an issue of constrained waterways (Slatkin, 2013) 
 
Further, the body of water ultimately receiving the CSO is also a variable. “A given amount [of 
CSO] will have much more of an effect in a small water body…That’s why the priority 
watersheds are…targeted the way they are because they’re the ones that are hardest to address” 
(ibid). It is important to acknowledge that quantifying the runoff is not possible, which 
illustrates why it is not possible to assess a fee to entities or property owners solely based on 
what is happening on a parcel. It can be one component of a fee. 
This is complemented by what Erin Morey of the New York City Department of 
Environmental Protection shared. In 2011 DEP began a pilot for stormwater charges for stand-
alone parking lots, since they contribute to stormwater runoff but are not assessed a water 
bill.xxix “These [open] parking lots aren’t associated with another land use, they have no other 
buildings on site, and they don’t have a water source. Although they’re 100% and contribute 
significant amounts of stormwater to the CSS, they aren’t paying into the system” (Morey, 
2013). 
For DEP, This was seen as “low-hanging fruit” (ibid), since the current rate structure in 
New York City is not set up to charge based on impervious surface. In 2011 the agency billed 
“384 parking lots at $0.05/sq ft., and then with the [annual] rate increase it went up to $0.06/sq 
ft” (ibid). The parking lots were billed annually. “The average is about $600 for a parking lot, 
and we earned about $188,000 worth of revenue, which can be used for stormwater 
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expenditures” (ibid). 
To incentivize green infrastructure and stormwater management, we rolled out a credit 
program, where, if parking lot owners implement a best management practice (BMP), such as 
sub-service detention, or an enhance tree pit, or a bioswale, they would waive that $0.05/sq ft 
charge. However, we did a lifecycle cost analysis…and [found] that it’s not cost-effective. The 
payback period for implementing a BMP is beyond 20 years, compared to $600 on average 
every year (ibid).   
So, in the case of New York City and stand-alone parking lots, there is no real incentive 
for an owner to implement any green infrastructure, but there’s still a need for the stormwater 
to be accounted for, since these are fully impervious surfaces. Although no owners took 
advantage of the credit program, paying the aforementioned fee did not become a problem for 
any of the parking lots, and is one way that New York City is moving slowly toward accounting 
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Chapter 5: Conclusion 
 
As New York City attracts more residents, water usage will increase and better, more 
efficient infrastructure will be needed. More people will generate more waste that will flood a 
system that is already too often operating at or over capacity. If New York City and the greater 
state intend to maintain compliance with EPA Clean Water Act requirements with minimal or 
zero federal funding stormwater management fees and green roofs can be a scaffold to improve 
the sewerage beneath the city. At this point, green infrastructure is a viable option for the city, 
and needs assessment through the deployment and tracking of pilot projects in order to 
(eventually) be naturalized into city processes and Best Management Practices (BMPs). Green 
infrastructure has proven to be effective in New York and beyond, and deserves more 
demonstration opportunities.  
Extracting from the research done at the Earth Institute by Dr. Gaffin and Dr. 
Rosenzweig and their team(s) is worthwhile, as there are few if any alternative rates that the 
city is using to speculate on the effectiveness of green roofs to manage stormwater. The annual 
and summer retention rates (30% and 35%, respectively) are promising for New York City, if 
only to function as a guide to amend PlaNYC’s expectations and goals for stormwater retention. 
Dr. Gaffin and Dr. Rosenzweig found that “the annual stormwater retention rate… is a factor of 
~22 times greater than that assumed in the New York City PlaNYC 2008 Stormwater 
Management Plan Report”  (Gaffin et al., 2011, 3 my emphasis). The potential to significantly 
alter the CSO problem is within reach. 
Working through the PLUTO data and narrowing the data set into a manageable record 
through generating four very specific query expressions was important to exclude properties 
throughout the five boroughs that do not have a chance at sustaining green roofs. Knowing 
what is possible is much more fruitful than exploring what is not. Those queries narrowed the 
search from close to 1 million buildings to 892,970 with the first query, down to 22,612 buildings 
throughout the five boroughs with the last query expression entered.  
Exploring the range of smallest to largest building size (in square feet) throughout the 
five boroughs generated a more robust image of what each borough has to offer, and 
contributed to the final step in this research, which was to calculate how much stormwater 
could possibly be retained if 100%, 80%, 60%, 40%, and 20% of the buildings that could support a 
vegetated roof to manage stormwater actually were to have a green roof installed.  
Trying to approximate the roof area for buildings throughout New York City was a 
challenging task, and required two attempts, which entailed looking to two different files 
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within the data set. The first technique to determine roof area did not take into consideration 
what could be missing in the records. The equation Building Area / Number of Floors = 
Approximate roof sf yielded enough results to work with, but upon reflection did not seem to 
provide the most representative spatial analysis of the data. Looking at Building Footprint data 
seemed more reliable. In either case, however, Brooklyn and Queens were the most receptive 
boroughs to potentially having buildings that could support a vegetated roof; Manhattan and 
the Bronx were much less.  
The results reveal rather startling amounts, and could very likely come close to 
satisfying the goals of PlaNYC, but it is difficult to verify that because those goals are not 
specifically quantified. Even if only 20% of roofs were greened in New York City, in total, 
nearly 158,099,812 gallons could be retained. According to NOAA, the annual average 
precipitation for New York is 49.69 inches, which translates to 262.592 billion gallons over 304 
square miles. Greening roofs at 20% increments throughout the five boroughs, since the data 
revealed that Brooklyn and Queens are likely more equipped with buildings that could 
withstand the additional weight, even at the lowest level could potentially boost stormwater 
retention greatly, which would be a boon for the city. Any reduction in CSO would be progress. 
This research explored different scenarios and what the ratio of annual gallons 
precipitation retained because of green roofs could be to the total gallons of annual precipitation 
in New York City. Could green roofs be an answer to New York City’s combined sewer 
overflow problem? This research leans toward yes. If PlaNYC anticipates a reduction of 1.5 bgy 
in CSO, the methods explored here show that can be achieved much more quickly than by 2030. 
Much more research must be done to determine more definitively how green roofs could help, 
and how they should be installed or designed to maximize capacity and stormwater 
management. This would also help usher along the initiatives for PlaNYC 2030 and the others 
that focus on rectifying the state and health of ecosystems that live within the waters that line 
this city.   
While providing the possibility of open space for the public, green roofs can help 
capture some of the stormwater that would inevitably make its way into the combined sewer 
system, and for New York City, any prevention could be a positive. Other forms of green 
infrastructure could be implemented on the ground (as was illustrated in Figure 1) to add to 
stormwater retention, thus working in tandem with green roofs. This also segues into the 
possible importance of stormwater utility fees for the city, since the infrastructure will have to 
be updated in order to avoid obsolescence over time, and these fees are one smart way for the 
city to generate revenue to do that.  
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Perhaps stormwater management fees help citizens be more cognizant of impervious 
surfaces, and once people understand how they impede water from going into the ground, 
perhaps community members will be more mindful of green spaces or impel their elected 
officials to implement more green infrastructure throughout their municipalities. They have the 
potential to reconnect people with their environs and help everyone be slightly more 
environmentally mindful.  
The results of this research reveal that green roofs are a promising tool for the city, 
additionally; they also cultivate an aesthetic that has been a veiled part of this city’s history 
since the late 1930’s. It may not be common knowledge that Rockefeller Center has had an 
Intensive green roof since 1936, but it says something about what those spaces mean to this city, 
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Chapter 6: Recommendations 
 
Many cities and municipalities endorse stormwater utility fees, since they create a 
dedicated revenue source to maintain sewer infrastructure as required by the Clean Water Act 
requirements and the NPDES permit process. Instead of being seen as a tax, stormwater utility 
fees should be marketed to the community as a user fee. Wherever there is impervious cover, 
stormwater runoff will follow after precipitation makes contact; the fee is an extension of a 
property owner’s responsibility for how much a building contributes to the CSO problem. 
Based on the dynamic structure of stormwater utility fees in the 23 municipalities were 
consulted, this research has two recommendations. 
 
1) To create a stormwater utility fee based on Intensity of Development for New York City 
A stormwater utility fee should be based on Intensity of development; i.e. on the 
percentage of impervious cover on a parcel relative to lot size. The 23 municipalities that were 
researched all had straightforward rate and fee structures that accommodated their size and 
infrastructure. Many based their stormwater utility fees on percentage of impervious cover, 
which seems to be the most appropriate variable, especially for New York City. Many 
municipalities in North Carolina base their stormwater management fees on a tiered system of 
square footage of impervious surfaces, and charge the fee either monthly or bi-annually. For 
example, Davidson, NC has four tiers for residential fee charges based on increments of 1,000 sf 
of impervious cover and charge properties with over 5,000 sf of impervious surface less than 
$100 annually. That seems very reasonable. Unincorporated Mecklenburg County in North 
Carolina charges just over $100 annually for properties in the same category, and both charge 
Commercial uses a specific amount per acre, depending on how much impervious cover there 
is. Reading, Massachusetts charges Single- and Two-family property owners a mere $10 per 
quarter, but Multi-family, Commercial, and Industrial uses pay per total impervious surface.  
Seattle, WA may be a good initial point of reference for New York to look to. The city 
breaks down the fee by percentage of impervious cover on a lot based on intensity of 
development ranging from “Undeveloped 0-15% impervious cover” to “Very Heavy >86%.” 
The fee is broken down per 1,000 square feet.  
In Seattle, there are very few properties that are exemptxxx from the fee, since (nearly) all 
types of land uses contribute to stormwater runoff. The city uses greater King County, within 
which it resides, as its billing agent for the fee, which appears on an owner’s property tax 
statement as either SWM (stormwater management) or Drainage, and is charged annually. 
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Figure 19 shows Seattle’s rate structure and fee range.   
 
Figure 19: Seattle 2013 Stormwater Management Fees 
 
To base the rate structure of a stormwater utility fee in New York City on percentage of 
impervious cover of parcels in 15% to 20% increments for within commercial (C) and 
manufacturing (M) zoning districts, including those with Commercial Overlays, Special (and 
general) Mixed Use Districts, and Limited Height Districts throughout New York City would be 
a fair position to at least begin discussion. 
If New York were to undertake implementing a stormwater utility fee, either the 
Department of Environmental Protection could administer it, or a separate entity comprised of 
representatives from a variety of city agencies, which could create a balanced perspective and 
monitoring system. A non-profit organization could also be formed to administer the fee. Fee 
increases would also likely require City Council approval, which would mean that there could 
be some degree of public input, if only in disseminating information on why increases would be 
occurring.  
This could also facilitate a partnership with the non-profit sector to work with property 
owners to incentivize implementing green infrastructure where it is appropriate. This could 
provide education, help with applying for credit or rebate programs, or even help with 
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2) To amend, augment, and re-instate the Green Roof Property Tax Abatement (GRTA) 
The Green Roof Tax Abatement as administered by the New York City Department of 
Buildings was created from NYS Assembly Bill A11226 and NYS Senate Bill S7553, which was 
passed into law in 2008. Its reinstatement requires legislative action and likely would be 
bolstered by Senate sponsorship. It is recommended that state representative work in tandem 
with a like-minded member of the senate to bring this bill back to the floor.  
Working from a presentation that the NYC Department of Environmental Protection 
shared with the S.W.I.Mxxxi Coalition in January 2013, this research concurs that the revised 
version of the Green Roof Property Tax Abatement should be based on the performance of its 
pilot (effective between 2008 and March 15, 2013). This could increase the value from its original 
$4.50/ft2 to a value closer to the Producer Price Index and the market cost for commercial roof 
contractors is in New York City. The DEP presentation suggested an increase to $5.23/sf. For 
the fiscal year 2012-2013, the Anacostia Watershed Society & District Department of the 
Environment (DDOE) in Washington, D.C. offered base funding of $5/sf with no maximum 
roof size for their Green Roof Rebate Program. The S.W.I.M Coalition suggests that the 
incentive be increased in the range of $9.00 to $14.00/sf.xxxii Further market and economic 
analysis is needed to determine an appropriate figure.  
Additionally, the GRTA requires that at least 50% of the eligible roof space must be 
covered by the green roof, and that at least 80% of that must be “covered by live plants such as 
sedum or equally drought-resistant and hardy plant speciesxxxiii within one year. It is the 
recommendation of this research to increase that time to at least two years in order to allow the 
vegetation to fully mature, since it has been revealed that plant maturation was directly related 
to increased retention.  The maximum abatement, which is $100,000 or the tax liability amount 
of the building, should be increased to a figure proportionate to a percentage of what the 
building owner would pay contractors to install the vegetated roof, or be doubled to $200,000, 
which aligns with the suggestions made in the DEP presentation from January 2013. The 
application process should also be contoured in order to be less of a temporal commitment for 
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Appendix A 
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Appendix C 
GIS data queries 
 
Query 1 Expression: "YearBuilt" < 1968 AND  "NumFloors" > 0 AND "NumFloors" < 11 
Resulting Layer: “bldgs Pre 1968 and 0 to 11 floors” 
 
Query 2 Expression: "AllZoning1" = 'M1-1/MX-4' OR "AllZoning1" = 'M1-1/OP' OR 
"AllZoning1" = 'C1-1/R4' OR "AllZoning1" = 'C1-1/R6' OR "AllZoning1" = 'C1-2/R2' OR 
"AllZoning1" = 'C1-2/R3-1' OR "AllZoning1" = 'C1-2/R3-2' OR "AllZoning1" = 'C1-2/R4'  OR 
"AllZoning1" = 'C1-2/R4/OP' OR "AllZoning1" = 'C1-2/R5' OR "AllZoning1" = 'C1-2/R6' OR 
"AllZoning1" = 'C1-3/C5-2A/DB' OR "AllZoning1" = 'C2-1/R3-2' OR "AllZoning1" = 'C2-1/R4' 
OR "AllZoning1" = 'C4-2' OR "AllZoning1" = 'C4-2/OP' OR "AllZoning1" = 'C4-3' OR 
"AllZoning1" = 'C4-4' OR "AllZoning1" = 'C5-4/DB' OR "AllZoning1" = 'C6-1/DB' OR 
"AllZoning1" = 'C6-2' OR "AllZoning1" \n=  'M1-1' OR "AllZoning1" = 'M1-2' OR "AllZoning1" 
= 'M1-2/MX-2' OR "AllZoning1" = 'M1-2/MX-8' OR "AllZoning1" = 'M1-2/R8A/MX-2' OR 
"AllZoning1" = 'M1-3' OR "AllZoning1" = 'M1-4' OR "AllZoning1" \n= 'M2-1' \n 
  
Resulting Layer: bldgs pre68to11 flzng  
 
Query 3: "BuiltFAR" < "MaxAllwFAR" 
Resulting Layer: bldgs_b_FAR_v_Allw_FAR 
 
Query 4: "BldgClass" <> 'F1' AND "BldgClass" <> 'G0' AND "BldgClass" <> 'G1' AND 
"BldgClass" <> 'G2' AND "BldgClass" <> 'G3' AND "BldgClass" <> 'G4' AND "BldgClass" <> 
'G5' AND "BldgClass" <> 'G6' AND "BldgClass" <> 'G7' AND "BldgClass" <> 'G8' AND 
"BldgClass" <> 'G9' AND "BldgClass" <> 'T2' 
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Appendix D 
Interview questions for municipalities regarding the structure of their stormwater fees 
 
Does your city/municipality have a Combined Sewer System (CSS) or a Municipal Separate 
Storm Sewer System (MS4)? 
 
What type of stormwater fee is assessed? 
 
What year was the program implemented? 
 
Which city agency or entity administers the program/fee system? 
 
What was the implementation of this fee motivated by? 
 
Does the fee/system have a specific designation/name? 
 
Who is assessed the fee? 
 
What type of fee structure is there? 
 
Is the fee structure separated by land use type? 
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Appendix E 
Pictures of Rockefeller Center green roof 
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i	  This	  is	  a	  reference	  to	  Local	  Law	  84,	  signed	  into	  law	  by	  Mayor	  Bloomberg	  in	  December	  2009.	  “Benchmark”	  refers	  
to	  inputting	  and	  submitting	  total	  energy	  and	  water	  use	  (and	  other	  descriptive	  information)	  for	  a	  building	  for	  the	  
previous	  calendar	  year	  to	  the	  US	  EPA’s	  web-­‐based	  Portfolio	  Manager	  tool.	  A	  summary	  of	  LL84	  can	  be	  found	  here:	  
http://www.nycbenchmark.com/ll84summary	  	  
ii	  According	  to	  the	  U.S.	  EPA	  and	  section	  502(14)	  of	  the	  Clean	  Water	  Act,	  nonpoint	  source	  pollution	  generally	  results	  
from	  land	  runoff,	  precipitation,	  atmospheric	  deposition,	  drainage,	  seepage	  or	  hydrologic	  modification.	  The	  term	  
"nonpoint	  source"	  is	  defined	  to	  mean	  any	  source	  of	  water	  pollution	  that	  does	  not	  meet	  the	  legal	  definition	  of	  
"point	  source"	  in	  section	  502(14)	  of	  the	  Clean	  Water	  Act,	  which	  states:	  
The	  term	  "point	  source"	  means	  any	  discernible,	  confined	  and	  discrete	  conveyance,	  including	  
but	  not	  limited	  to	  any	  pipe,	  ditch,	  channel,	  tunnel,	  conduit,	  well,	  discrete	  fissure,	  container,	  	  
rolling	  stock,	  concentrated	  animal	  feeding	  operation,	  or	  vessel	  or	  other	  floating	  craft,	  from	  which	  
pollutants	  are	  or	  may	  be	  discharged.	  This	  term	  does	  not	  include	  agricultural	  storm	  water	  discharges	  and	  	  
return	  flows	  from	  irrigated	  agriculture.	  
Unlike	  pollution	  from	  industrial	  and	  sewage	  treatment	  plants,	  nonpoint	  source	  (NPS)	  pollution	  comes	  from	  many	  
diffuse	  sources.	  NPS	  pollution	  is	  caused	  by	  rainfall	  or	  snowmelt	  moving	  over	  and	  through	  the	  ground.	  As	  the	  runoff	  
moves,	  it	  picks	  up	  and	  carries	  away	  natural	  and	  human-­‐made	  pollutants,	  finally	  depositing	  them	  into	  lakes,	  rivers,	  
wetlands,	  coastal	  waters	  and	  ground	  waters.	  It	  can	  include:	  	  
• Excess	  fertilizers,	  herbicides	  and	  insecticides	  from	  agricultural	  lands	  and	  residential	  areas	  
• Oil,	  grease	  and	  toxic	  chemicals	  from	  urban	  runoff	  and	  energy	  production	  
• Sediment	  from	  improperly	  managed	  construction	  sites,	  crop	  and	  forest	  lands,	  and	  eroding	  streams	  
• Salt	  from	  irrigation	  practices	  and	  acid	  drainage	  from	  abandoned	  mines	  
• Bacteria	  and	  nutrients	  from	  livestock,	  pet	  wastes	  and	  faulty	  septic	  systems	  
• Atmospheric	  deposition	  and	  hydro-­‐modification	  
(U.S.	  Environmental	  Protection	  Agency.	  “What	  is	  Nonpoint	  Source	  Pollution?”	  Last	  modified	  August	  27,	  2012.	  
http://water.epa.gov/polwaste/nps/whatis.cfm).	  
iii	  Impervious	  cover	  is:	  any	  surface	  in	  the	  landscape	  that	  cannot	  effectively	  absorb	  or	  infiltrate	  rainfall.	  This	  includes	  
driveways,	  roads,	  parking	  lots,	  rooftops,	  and	  sidewalks.	  (University	  of	  Delaware	  NEMO	  report,	  p.	  1)	  
iv	  According	  to	  the	  U.S.	  EPA	  Clean	  Water	  Act,	  Section	  502	  General	  Definitions:	  	  
The	  term	  "municipality"	  means	  a	  city,	  town,	  borough,	  county,	  parish,	  district,	  association,	  	  
or	  other	  public	  body	  created	  by	  or	  pursuant	  to	  State	  law	  and	  having	  jurisdiction	  over	  disposal	  	  
of	  sewage,	  industrial	  wastes,	  or	  other	  wastes,	  or	  an	  Indian	  tribe	  or	  an	  authorized	  Indian	  tribal	  
organization,	  or	  a	  designated	  and	  approved	  management	  agency	  under	  section	  1288	  of	  this	  title.	  
(U.S.	  Environmental	  Protection	  Agency.	  “Clean	  Water	  Act,	  Section	  502	  General	  Definitions.”	  Last	  modified	  March	  6,	  
2012.	  http://water.epa.gov/polwaste/nps/whatis.cfm)	  
v	  According	  to	  the	  U.S.	  Environmental	  Protection	  Agency,	  approximately	  772	  communities	  throughout	  the	  US	  have	  
a	  combined	  sewer	  system.	  They	  are	  designed	  to	  collect	  storm	  water	  runoff,	  domestic	  sewage,	  and	  industrial	  
wastewater	  in	  the	  same	  pipe	  network	  and	  bring	  it	  to	  the	  publicly-­‐owned	  treatment	  works	  (POTW)	  facilities	  (EPA,	  
CSO	  page)	  	  
vi	  According	  to	  Merriam	  Webster,	  the	  definition	  of	  an	  outfall	  is:	  the	  mouth	  of	  a	  drain	  or	  sewer.	  See	  Appendix	  B	  
vii	  See	  Appendix	  A	  
viii	  These	  reservoirs	  were	  developed	  in	  1842	  and	  3	  controlled	  lakes	  over	  a	  1,972	  square	  mile	  watershed	  that	  
extends	  125	  miles	  north	  and	  west	  of	  New	  York	  City	  (DEP	  WWTS)	  
ix	  According	  to	  the	  EPA,	  “The	  biological	  treatment	  component	  of	  a	  municipal	  treatment	  plant	  is	  termed	  secondary	  
treatment	  and	  is	  usually	  preceded	  by	  simple	  settling	  (primary	  treatment).	  Secondary	  treatment	  standards	  are	  
established	  by	  EPA	  for	  publicly	  owned	  treatment	  works	  (POTWs)	  and	  reflect	  the	  performance	  of	  secondary	  
wastewater	  treatment	  plants.	  These	  technology-­‐based	  regulations	  apply	  to	  all	  municipal	  wastewater	  treatment	  
plants	  and	  represent	  the	  minimum	  level	  of	  effluent	  quality	  attainable	  by	  secondary	  treatment,	  as	  reflected	  in	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terms	  of	  5-­‐day	  biochemical	  oxygen	  demand	  (BOD5)	  and	  total	  suspended	  solids	  (TSS)	  removal”	  more	  information	  
here:	  	  http://cfpub.epa.gov/npdes/techbasedpermitting/sectreat.cfm	  	  
x	  Link	  to	  details	  about	  bill	  A11226:	  
http://assembly.state.ny.us/leg/?default_fld=&bn=A11226&term=2007&Summary=Y&Actions=Y&Votes=Y&Memo
=Y&Text=Y	  	  
xi	  Ruben	  Diaz	  had	  represented	  the	  85th	  Assembly	  District	  in	  the	  New	  York	  State	  Assembly	  since	  1997	  and	  was	  
elected	  Bronx	  Borough	  President	  in	  a	  Special	  Election	  on	  April	  21,	  2009.	  More	  information:	  
http://bronxboropres.nyc.gov/rubendiazjr.html	  	  
xii	  Details	  on	  the	  verbiage	  of	  the	  green	  roof	  tax	  abatement	  approval	  as	  law,	  found	  on	  pages	  4-­‐5:	  
http://home2.nyc.gov/html/dof/html/pdf/08pdf/green_roof_legislation.pdf	  	  
xiii	  According	  to	  the	  National	  Gardening	  Association,	  there	  are	  numerous	  types	  of	  sedum	  “all	  of	  which	  have	  fleshy,	  
succulent	  leaves.	  Low-­‐growing	  varieties	  hug	  the	  ground	  and	  may	  reach	  just	  2	  inches	  in	  height,	  while	  tall	  varieties	  
top	  out	  at	  2	  feet	  or	  more….Low-­‐growing	  types	  [are	  used]	  as	  ground	  covers”	  
http://www.garden.org/plantguide/?q=show&id=2059.	  	  
xiv	  The	  definition	  of	  live	  load	  is:	  those	  loads	  produced	  by	  the	  use	  and	  occupancy	  of	  the	  building	  or	  other	  structure	  
and	  do	  not	  include	  construction	  or	  environmental	  loads	  such	  as	  wind	  load,	  snow	  load,	  rain	  load,	  earthquake	  load,	  
flood	  load,	  or	  dead	  load.	  Live	  loads	  on	  a	  roof	  are	  those	  produced	  (1)	  during	  maintenance	  by	  workers,	  equipment,	  
and	  materials;	  and	  (2)	  during	  the	  life	  of	  the	  structure	  by	  movable	  objects	  such	  as	  planters	  and	  by	  people”	  
http://www.eng.auburn.edu/users/staylor/ch04.pdf.	  	  
xv	  Extensive	  land	  use	  and	  geographic	  data	  at	  the	  tax	  lot	  level	  in	  ASCII	  comma-­‐delimited	  format.	  The	  PLUTO	  files	  
contain	  more	  than	  seventy	  fields	  derived	  from	  data	  maintained	  by	  city	  agencies,	  from	  
http://www.nyc.gov/html/dcp/html/bytes/applbyte.shtml	  	  
xvi	  This	  word	  emerged	  from	  this	  research,	  and	  is	  not	  an	  official	  term	  recognized	  by	  Merriam	  Webster,	  the	  green	  
infrastructure	  industry,	  or	  the	  academia	  at-­‐large.	  	  
xvii	  Sponsored	  by	  the	  Green	  Rabbits,	  Parsons	  Brinkerhoff,	  Biocities,	  Whole	  Foods,	  and	  the	  U.S.	  Green	  Building	  
Council.	  This	  was	  held	  on	  January	  16,	  2013.	  
xviii	  This	  event	  was	  hosted	  by	  the	  Food	  Systems	  Network	  NYC	  on	  January	  23,	  2013	  at	  Brooklyn	  Winery.	  
xix	  This	  was	  held	  at	  Teachers	  College	  on	  February	  14,	  2013,	  and	  was	  the	  inaugural	  conference	  for	  the	  Laurie	  M.	  
Tisch	  Center	  for	  Food,	  Education,	  &	  Policy,	  http://www.tc.columbia.edu/calendar.htm?EventID=11779.	  
xx	  1	  acre	  =	  43,	  560	  sf,	  then	  43,560	  sf	  X	  38,	  560	  ac	  =	  1,666,431,360	  sf	  
xxi	  In	  the	  “Building	  Area”xxi	  field	  for	  Queens	  data,	  when	  sorted	  in	  ascending	  order,	  the	  first	  548	  records	  indicated	  
that	  the	  square	  footage	  was	  either	  0	  or	  1,	  which	  indicated	  that	  there	  was	  insufficient	  data.	  	  
These	  records	  were	  omitted	  from	  the	  table	  that	  follows.	  It	  was	  determined	  that	  records	  beginning	  with	  a	  “Building	  
Area”	  of	  100	  ft2	  would	  be	  counted,	  although	  that	  may	  not	  represent	  the	  real,	  on-­‐the-­‐ground	  footprint.	  There	  has	  
been	  no	  site	  verification,	  hence	  the	  omission	  of	  548	  records.	  	  There	  are	  529	  properties	  that	  list	  1	  ft2	  as	  the	  building	  
area,	  which	  are	  also	  not	  being	  counted,	  making	  the	  total	  records	  9,686	  instead	  of	  the	  original	  10,215.	  If	  there	  are	  
529	  properties	  that	  are	  all	  1	  ft2	  each,	  which	  means	  that	  529	  ft2	  need	  to	  be	  subtracted	  from	  the	  sum,	  which	  is	  
181,170,988.	  Then:	  181,170,988	  -­‐	  529	  =	  181,170,459	  and	  10,215	  –	  529	  =	  9,686,	  which	  brings	  the	  new	  mean	  to:	  
18,704.	  
xxii	  The	  following	  classifications	  were	  excluded:	  
	  F1—Factory;	  Heavy	  Manufacturing-­‐Fire-­‐proof	  
G0—Garage;	  Residential	  Tax	  Class	  1,	  	  
G1—Garage;	  Two	  or	  More	  Stories	  
G2—Garage;	  One	  Story	  Semi-­‐proof	  or	  Fire-­‐proof	  
G3—Garage	  and	  Gas	  Station	  Combined	  
G4—Gas	  Station	  with	  Enclosed	  Workshop	  
G5—Gas	  Station	  without	  Enclosed	  Workshop	  
G6—Licensed	  Parking	  Lot	  
G7—Unlicensed	  Parking	  Lot	  
G8—Garage	  with	  Showroom	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G9—Miscellaneous	  Garage	  or	  Gas	  Station	  
T2—Pier,	  Dock,	  Bulkhead	  
xxiii	  A	  new	  field	  was	  created	  within	  the	  Attribute	  Table	  in	  ArcGIS	  and	  the	  following	  equation	  was	  applied	  to	  all	  
records	  for	  each	  borough:	  	  Building	  Area	  /	  Number	  of	  Floors	  =	  Approximate	  roof	  square	  footage.	  	  
xxiv	  I	  realized	  that	  taking	  the	  building	  area	  and	  dividing	  it	  by	  the	  number	  of	  floors	  may	  not	  be	  the	  best	  option	  for	  
finding	  roof	  area.	  It	  is	  possible	  that	  certain	  structural	  elements	  of	  the	  floors	  may	  not	  have	  been	  taken	  into	  
consideration	  in	  the	  determination	  of	  the	  building	  area;	  hence	  some	  areas	  of	  each	  floor	  would	  not	  be	  counted	  
toward	  the	  total	  floor	  area.	  	  
xxv	  In	  order	  to	  ensure	  the	  geometry	  was	  correct,	  a	  new	  field	  was	  created	  in	  the	  Attribute	  Table	  of	  ArcGIS	  the	  
command	  “Calculate	  Geometry”	  was	  engaged	  for	  each	  borough,	  followed	  by	  the	  “Summary	  Statistics”	  command	  
to	  obtain	  the	  number	  of	  buildings,	  minimum	  and	  maximum	  square	  footage,	  and	  the	  mean	  for	  each	  borough.	  
xxvi	  Source:	  http://average-­‐rainfall-­‐cities.findthedata.org/d/d/New-­‐York#guide,	  taken	  from	  NOAA,	  the	  National	  
Oceanic	  Atmospheric	  Administration	  
xxvii	  Specifically,	  this	  means	  “water	  one	  inch	  deep	  per	  surface	  area.”	  Source:	  
http://www.wvec.com/weather/knowledge/How-­‐much-­‐rain-­‐is-­‐an-­‐inch-­‐of-­‐rain-­‐87270487.html	  
xxviii	  Director	  of	  Sustainability	  /	  Deputy	  Director	  of	  Strategic	  Planning	  at	  NYC	  Department	  of	  City	  Planning	  
xxix	  According	  to	  this	  representative,	  anyone	  that	  is	  using	  water,	  (in	  a	  home,	  commercial	  space,	  etc)	  receives	  a	  
water	  bill.	  New	  York	  City	  does	  not	  have	  a	  stormwater	  management	  fee,	  and	  instead	  has	  a	  wastewater	  fee.	  
xxx	  The	  only	  properties	  that	  are	  exempt	  from	  drainage	  charges	  are:	  submerged	  land,	  houseboats,	  piers,	  City	  streets,	  
State	  of	  Washington	  highways,	  and	  other	  streets	  that	  provide	  drainage	  services	  in	  the	  same	  manner	  as	  City	  streets.	  
(Source:	  Seattle	  Public	  Utility)	  	  
xxxi	  Storm	  Water	  Infrastructure	  Matters,	  website:	  http://swimmablenyc.info/?p=1430	  
xxxii	  For	  Rob	  Crauderueff’s	  full	  presentation	  with	  the	  recommendations	  S.W.I.M	  Coalition	  suggestions,	  see:	  
http://swimmablenyc.info/wp-­‐content/uploads/2013/01/SWIM-­‐presentation-­‐on-­‐GR-­‐Tax-­‐Abatement-­‐.pdf.	  	  
xxxiii	  NYC	  Green	  Roof	  Property	  Tax	  Abatement	  Program,	  
http://www.nyc.gov/html/dob/downloads/pdf/green_roof_tax_abatement_info.pdf	  	  
